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PROBLEMS WITH PREDICTING FALLOUT
RADIATION HAZARD IN
TACTICAL BATTLEFIELD SITUATIONS

Abstract

Prediction capabilities are reviewed
to determine whether they are suitable
for describing the fallout radiation
hazards that may exist in tactical nuclear
battlefield situations. One aspect of
fallout predictability is illustrated by a
collection of aberrant results from
nuclear tests conducted under fairly
stabilized conditions; there are a number
of warnings about the confidence that
should be placed on prediction schemes
derived from nuclear test shots. A com-
parison of current fallout models shows
uncertainties including wind, terrain,
rainout, and cloud parameters. Some

consequences of depending upon faulty
predictions are serious. The search for
the best-of-all-possible prediction
schemes will not lead to fruitful results
because of the complexities involved; a
set of limits to the upper and lower
bounds to expected fallout should be
adopted as a practical means of using
prediction schemes for tactical warfare.
It is emphasized that there is no substi-
tute for hard data and that a computerized
radiation data collection, reduction, and
display system should be contemplated
to satisfy the need to respond to fallout
problems on the battlefield.

Introduction

Suppose the U.S. were to come to the
point of engaging in a tactical nuclear
battle. Several questions come to mind

about such a situation, How might such a

battle be conducted? How would the combat

forces react? What intelligence is avail-
able to make decisions?

If one subscribes to the school of
thought that maintains that both sides will
annihilate each other within 24 hr, then
all other questions are moot. On the other
hand, if one believes that the dominant
powers would find that result unacceptable,
then he ¢ould conclude that the battle

would likely be fought in some method-
ical manner. A basic assumption of
this study is that the latter would be the
case, 1if such a tactical situation were
to transpire at all,

There is a story that once, in a military
committee considering combat forces' 4
reactions to tactical nuclear warfare, half
the officers felt that the troops would fight
through it all and the other half thought
there would be complete pandemonium,
The conclusion, therefore, was that 50%
of the troops would continue on while the

other 50% would panic.




If field commanders could obtain improved greatly over the 50% level.
the necessary fallout intelligence to . This study examines how adequately

determine the situation and could assure such intelligence might be acquired and

" combat forces that the situation could used as the situation is today and what
be, and was being, brought under con- might be some areas of improvement
trol, the fighting strength could be - for the future.

Comparisons

First, let us examine the fallout intel- 180° divergent from that predicted. The
ligence collected from previous nuclear Apple shot (Fig. 2) was complicated by some
test series. For comparison with tactical ~ residual radiation from the previous
battlefield situations, only yields up to Wasp-Prime shot (detonated on the same
100 kt have been considered, ~day).

Under test conditions, a shot go-ahead A later shot series called Operation
is not givenvunless the weather has Plumbbob (1957)2 produced a number
stabilized. The predictability of results of fallout forecasts that were mapped
should therefore be much different than it far from the measured radiation
would be in warfare, Even so, test- patterns (Figs. 3,4, and 5). A more
managers' reports that are readily avail- recent event that had data available
able show some surprising results, even for comparison was Schooner (1968)4’ 5

under the controlled conditions. A few ofthe (Fig. 6).

more exaggerated ones are included here. A comparison of an idealized-model
In Operation Teapot (1955),1 for instance, prediction with a shot? having a yield of

the Turk shot fallout (Fig. 1), was almost 1 kt is given in Fig. 7.

1 rad

Fig. 2. Fallout from the Appl'e and Wasp-

Fig. 1. Fallout from the Turk shot fired Prime shots fired in 1955. The
in 1955, The solid lines show solid lines show the predicted
the predicted fallout pattern; fallout pattern; the dotted lines
the dotted lines show the actual show the actual fallout pattern

fallout pattern determined by determined by combined air and

ground survey, (From Ref. 1.) . ground surveys. (From Ref. 1.)
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Fig. 3.

1 I
LofhroMlndion Springs

Wells  Cactus 4 P
Springs rystalf~
32 5\ 3
Naut . mi~ Deoth Valley Jet. Las Vegos@Ohellis AFB
Fig. 4. Fallout from the Morgan shot
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line shows the predicted fallout
pattern; the dotted line shows
the actual fallout pattern,
Ref, 2.)

(From

Fallout from the Wilson shot
fired on June 18, 1957, from a

balloon at 500 ft, The solid
line shows the predicted direc-
tion of travel from the fallout;
the dotted lines show the actual
fallout pattern. (From Ref, 2,)
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(From Refs. 4 and 5.)
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Fig. 7.

Comparison of idealized model
(solid lines) with actual fallout
pattern (dotted lines) for a yield
of 1 kt and an effective wind of
10 knots. Dose rates in R/hr
at H+1 hr were as follows:
A-185, B-92, C-37, D-13.9,
E-5.1, F-14. (From Ref. 3.)

CAUTIONARY REMARKS

All through the literature on fallout,
one finds that each new fallout prediction
technique that is generated either takes
into account the discrepancies of the
former codes or is at least as good as the
others but is much more efficient to use.
One might conclude that prediction codes
should be good enough to use as a sub-
stitute for actual data.

Let us postpone judgement on whether
fallout prediction techniques should be
used for analysis beyond planning, until
after some of the codes are described
and their problems and consequences
discussed. Until recent years, discus-
sions of predictions of nuclear radiation
effects would contain caveats to the reader,
reminding him of the limitations of pre-
diction schemes, Some of these warnings
are worth restating here,

-l

Glasstone's commentary on uncer-
tainties in fallout predictions reads as

follows:

Although the procedures ..., for
developing idealized fallout pat-
terns under various conditions are
probably as good as can be expected,
it must be emphasized that they are
infended only for overall planning.
There are several factors which will
affect the details of the distribution

~ of the early fallout and also the rate
of decrease of the radioactivity.
Near ground zero, activity induced
by neutrons in the soil will be
significant, apart from that due to
the fallout, However, the extent of
the induced activity is difficult to
estimate, since it will depend on the
type of weapon, e.g., the actual
amounts of fission and fusion energy,
the height of burst, and the nature of
the soil, The existence of unpre-
dictable hot spots will also affect the
Tocal radiation intensity. These are
dependent upon a variety of conditions
not all of which are fully understood.
The nature of the terrain may also
influence the dose rate at a given
location as a result of incidential
shielding. The data is applicable
to moderately flat, uninhabited
areas, such as those in which
weapons tests are carried out.

The rate of decay of the early
fallout radioactivity, and hence the
total dose accumulated over a
period of time, will be affected by
weathering, Wind may transfer the
fallout from one location to another,
thus causing local variations. Rain,
on the other hand, may wash the
fallout into the soil and this will
tend to decrease the dose rate at a
level a few feet above the ground.

If rain should occur at the time of
the detonation, the fallout pattern
might be changed considerably.

In attempting to predict the time
that must elapse, after a nuclear
explosion, for the radiation dose
rate to decrease to a level that will
permit reentry of a city ... use may
be made of the (continuous) decay
curves., However, it is inadvisable
to depend entirely on these esti-
mates because ol the uncertainties
mentioned above, Moreover, even
if the decay curve could be relied
upon completely, which is by no




means certain, the actual composi-
tion of the fallout is known to vary
with distance from ground zero and
the decay rate will vary accordingly.

From the text in general use containing
the idealized fallout characteristic curves
comes a disclaimer on the reliability of
the data:

RELIABILITY. The degree to
which wind and other meteorological
conditions affect these contour
parameters cannot be over-
emphasized, The contours pre-
sented in these curves have been
idealized in order to make it pos-
sible to present average, represent-
ative values for planning purposes.
Due to these limitations, a mean-
ingful percentage reliability figure
cannot be assigned to the idealized
fallout pattern. Although the shape
of the actual fallout contours cannot
be predicted by this method, it
nonetheless does provide a fair
approximation of the total area
affected, as well as identify the
general downwind direction,

The U.S. Army's field manual on fall-
out prediction makes the following state-

ment:

RELIABILITY. The predicted
zones of fallout are larger than the
actual area on the ground that will
be covered by fallout, These zones
represent areas of hazard, some-
where within which fallout is pre-
dicted to be found. Because of
uncertainties of weather and nuclear
burst input data, the precise loca-
tions of fallout within the zones
cannot be reliably predicted but
must be ascertained by monitoring
and survey after fallout has settled.
The zones, therefore, have been
developed so that there is a reason-
ably high assurance that the expected
fallout will not occur outside them.
They represent an expected hazard
area that can be quickly predicted
immediately after nuclear burst
information is obtained,

INTERPRETATION, The lines
enclosing the fallout prediction are
not to be construed as absolute
boundaries for the occurrence of
fallout. It is emphasized that as
these predicted zones are approached
from the outside, the likelihood of
encountering hazardous fallout will
increase and the dose rates en-
countered will gradually increase,
Therefore, units would not normally
be relocated based upon prédicted
fallout areas but, rather, upon
actual radiological rélonitoring and
survey information,

Schemes for Fallout Prediction

Alarge assortment of earlier computa-
tional schemes, both empirical andtheoreti-
cal, were devised for preparing forecasts
of fallout hazards.” Allofthemodels were
similarin general features, yettheyoften
gave dissimilar results. Prediction schemes
incurrentuse willbe discussedheretoindi-

cate the present state of affairs.

DELFIC

Inconsistencies among the various

prediction schemes prompted the Depart-
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ment of Defense in 1964 to begin develop-
ing a single, comprehensive fallout
prediction model to serve as a standard
The

result was the formulation of a complex

for calibration of future models,

computer program called DELFIC
(Defense Land Fallout Interpretive Code).10
However, its ability to be useful on a
real-time basis as an aid in making pre-
strike and post-strike predictions,

damage assessment studies, vulnera-

bility analyses, and war-gaining plans is



limited because it cannot cope with the
information demand in tactical situations.
Efforts have been made to produce more
efficient mathematical modeling of the
fallout process based upon lessons learned
from the DELFIC research model.11

PROFET

A group at the Nuclear Defense Lab-
oratory derived a code called PROFET
(PRediction Of Fallout at Early Time)'2
from the DELFIC model,
UNIVAC 1108 with 48k words of memory.
Minimum input data requirements are

It runs on a

stabilized nuclear-cloud top and bottom
The

computer program features a wide assort-

heights and cloud width radius,

ment of output options to serve a variety
of different interests. In addition to a set
of map-generation routines to display
exposure rate, total exposure, and time-
of-arrival values, the program can
provide an analysis of the fallout at any
selected location. A maneuver dose
option is included to provide a capability
to estimate exposures received by parties
moving through the radiation field.

It is claimed that the time require-
ments for using PROFET add up to 6 min
to produce a usable result. This includes
‘assemblage of input data, machine
processing, and production of a map
overlay.

Nine nuclear detonations were selected
for comparison of prediction and observa-
tion. This sampling indicated that the
program is capable of reproducing
exposure-rate observations within a factor
of 2 for H+1-hr exposure rates above
20 R hr,
in the report:

The following caveat is contained

The extension of these conclusions
to other situations can be justified
only if the available weapon param-
eters and wind data exhibit at least
the same degree of reliability as
that which was used for the nine
U.S. detonations cited,13

SEER

Another fallout computational system
derived from DELFIC is called SEER
(Simplified Estimation of Exposure to
Radiation) and was developed at Stanford

14 The main purpose

Research Institute,
of this development was to reduce com-
putation time to 1% of DELFIC require-
SEER runs on a CDC 6400 com-

puter in 3 to 6 sec,

ments.

A comparison of the output from SEER
with DELFIC and WSEG (Weapon System
Evaluation Group of the Institute of
Defense Analysis) models for a 1-Mt
detonation with highly-sheared wind
conditions is shown in Fig. 8.'°

The important parameters necessary
for SEER input are cloud top height, cloud
bottom height (altitude above sea level),
cloud radius, and stabilization time,

Development of the model stems from
the belief that

...models in current use cannot
adequately predict fallout for the
likely range of yield and wind con-
ditions under which attack could
occur, and the operational con-

sequences of this inadequacy are
significant,16

KDFOC
Because the DELFIC was not designed

to treat fallout from underground nuclear
explosions, DNA requested that the
Lawrence Livermore Laboratory supply

a version of its KDFOC (K-Division Fallout
Code)!” for DNA use.
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Fig. 8, Comparison of fallout patterns
for a 1-Mt detonation. (From
Ref, 14.)

The code runs on a CDC 7600 computer.
Its use is presently limited to the lab-
oratory, and run time is not relevant.

Calculation of the fallout pattern for a -
nuclear explosion uses initial conditions
concerning cloud stabilized geometries,
their activity jparticle-size distribution,
and the wind field that transports and
deforms the clouds,

Nine test detonations were chosen to
compare with KDFOC for code verifica-
tion, Values for all input parameters
were found except for particle-size
description, Repetitive problems were
run, with varying particle size input,
until the fallout pattern produced by the

code satisfactorily matched the observed

fallout pattern for a particular shot. A
sample of the reasonableness of fit for a
surface burst is shown in Fig, 9 with dose
rates along the "hot line'' used as a gauge.

WEDS

A prototype display system containing
a fallout prediction code, as well as
prompt effects, was built by X-Division
of the Lawrence Livermore Laboratory
and is known as WEDS (Weapons Effects
18,19 14 fulfills the need

for a portable, instantaneous, visual

Display System).

display of fallout. A Varian 620/l mini-
computer is used for computation,

o
[

Exposure rate — rad/ hr

107!

-2 ) |
10 10! 10

Distance — km

10
2 10

Fig. 9. KDFOC calculated (data points)
and observed (solid line) expo-
sure rates along the "hot line"
for the Johnnie Boy shot. (From

Ref. 17.)




Figure 10 shows an outline drawing of
the WEDS MOD II console.

The fallout model used is derived from
a mathematical mode120 developed by
A. D. Anderson of the Naval Radiological
Rather broad

assumptions are made to produce a simple

Defense Laboratory.

but realistic model that is capable of
The

major assumptions are a flat earth, re-

giving first-order approximations.

actions with typical soils, and uniform,
nonturbulent winds. Input parameters are
yield, wind, and soil conditions, Army
fallout prediction patterns can also be

generated,

U.S. ARMY FALLOUT MODEL

The U.S. Army uses a hand-
calculation rnoc:lel8 that describes fallout
The predicted

zones define those areas within which

in two zones (Fig. 11).

exposed, unprotected personnel may re-
ceive militarily significant total doses of
nuclear radiation within 1 to 4 hr after

arrival of fallout,

Fig. 10. WEDS MOD II console.

Zone | Zone 11
Immediate operational Moderate risk
Dose: 50 rad in Dose: <50 rad in N
4 hr 4hr

QOutside area
Dose: <20 rad in 6 hr <150 rad for infinite time

U.S. Army fallout-prediction
pattern. Fallout is represented
by danger zones,

Fig. 11,
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Radioactive cloud and stem
parameters (stabilized at
H+10 min), (From Ref. 8.)

Fig. 12.

An overlay is prepared by using
nomographs, once the weapon yield is
determined from radioactive cloud and

stem parameters as given in Fig. 12.21




The cloud chart is used as a sliding-scale
nomograph, and all parameters are ex-
pected to line up for a given yield,
Nomographs are available™ to aide in
calculation of total dose acquired in con-
taminated areas. Detailed presirike
fallout predictions can be prepared for
"friéndly'" nuclear bursts by using pro-
visions for adjustments for height-of-burst

and fission/yield ratios less than 1,

NRDL D-MODEL

It was the contention of the Naval
Radiological Defense Labora’cory23 that
the Army (TM3-210) and Navy (ATP-25)
models provide their users with roughly
equivalent information, but that informa-
NRDL
went on to develop their own computer
model called the NRDL, Dynamic Fallout
Model.

The NRDL D-Model is derived from
Anderson's earlier model,20 where the

tion is not necessarily accurate.

geometry of the radioactive cloud is
approximated by a right circular cylinder,
Some of the initial limitations such as
turbulenee, time, and space variation of
the winds aloft and circulation within the
cloud were accounted for in the later
computer codes.24 '

The cylinder is sliced horizontally into
a number of wafers, The wafers move
vertically and horizontally under the in-
fluence of the rising and expanding cloud,
gravity, and the winds at various altitudes.

Justification given for accepting the
D-Model as a valid standard of comparison
comes from 1) the attention it pays to the
details of the dynamics of cloud behavior
and 2) the fit of the cloud dimensions-

versus-yield curve to the test data, which

-9-

is claimed to be a better fit than the Army
or Navy curves provide,

NRDL modified the Army model to
bring it into conformance with their results
(Figs. 13a and b), NRDL then went even
farther and revised the Army model by
adding some of the characteristics of the
D-Model (Figs. 13c and d), on the
assumption that the D-Model should be
used as the standard model for fallout

prediction,

UNCERTAINTIES

All of the preceding fallout prediction
schemes, as well as any that may be
generated in the future, suffer from the
inability to totally describe the environ-
ment and the interaction a nuclear
detonation may have with it. The results
of any simulation are, of course, only as
good as the model used to describe the
phenomena being studied.

The DELFIC code represents the most
complexity that can be tolerated in a fallout
computer code. Evidently, it has been
judged too difficult to use in operational
The creation of SEER rep-

resents a step toward simplification of

situations.
prediction techniques. The uncertainties
that are not now accounted for in predic-
tion will continue to be with us, These

include

1) wind-field description,

2) wind variability (dynamic modeling),
3) terrain interaction and irregularities,
4) fractionation,

5) rainout,

6) hot spots,

7) cloud-parameter measurement and

interpretation.
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Fig. 13. NRDL modifications o a) the Army model for 10 kt, and b) the Army model
for 50 kt. Characteristics of the D-Model are added to the Army model in
¢) for 10 kt and in d) for 50 kt. (From Ref, 23.)
Areas of Particular Uncertainty
WIND 11 to 13 "wafers" with the last known wind
With a

data assigned to each altitude.

The general method of modeling winds fairly stationary situation, this produces

has been to divide the nuclear cloud into suitable results most of the time.
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However, when meteorological conditions
are unstable, the effects of variations in
wind speed, angular displacement (shear),
and vertical components will produce un-
predictable results. The problem of ac-
counting for these conditions is threefold:
1) modeling the effects accurately,

2) accuracy of weather reports, and

3) acquisition of current conditions.

One of the difficulties in solving these
problems entails generating a new pre-
diction model to account for the above
wind-parameter variations that would
necessarily make that model much more
complex than the DELFIC. The problem
of ensuring that the data received are
accurate delves into human factors versus
automation. The last problem (keeping
current) pertains not only to the ability to
make frequent measurements but also to
digesting and operating on the data

dynamically.
TERRAIN

Terrain factors include soil types, soil
conditions, surface contours, vegetation,
and mountainous regions. One reason that
computer codes can be verified so well
with observed data from nuclear detonations
is that repetitive runs can be made with
varying parameters assigned to cloud debris
until an appropriate mix produces a satis-
factory match, This hindsight would
probably not be available at a particular
time and place when a future conflict may
produce a nuclear detonation,

The Naval Radiological Defense
Laboratory studied the effect of structures

and terrain contours on radiation patterns.25

A square grid pattern such as shown in
Fig. 14(a) was used as a standard. Fall-

-11-

out was assumed to descend uniformly
onto the pattern, The effect of slopes

and ravines and of foliage and shelters on
the settlement of radioactive particles

was calculated on a computer. The radia-
tion at any location due to this distribution
of fallout could then be determined. The
results are shown in Fig. 14(b), where
relative dose is plotted as a function of the
ground altitude at the detector,

Since the study used idealized conditions,
its results cannot be verified, We have
found no further work that applies terrain
conditions to modify any fallout prediction
scheme. There is some question as to the
value of pursuing this, in light of the
complexities as well as the possibly low
potential for verification of results.

Some investigations of ground-roughness
effects have been carried out, although
these are limited; there have been only
six measurements of ground roughness in
An NRDL report

points out some of the measurement dif-

real fallout situations .2 6

ficulties attributable to terrain nonuni-
forrnity.z7 One main complication arises
from the fact that measurements are taken
at a height of 1 m above the ground. The
absorption of a meter thickness of air is
equivalent to approximately a millimeter
of soil material., At least four models have
been identified and compared,2® with the
conclusions that the simplest model (buried-
source) is adequate to predict gross effects,
Other studies have examined the effects
of microreliet, 30 which is a larger
variation in the terrain than the micro-

"ground

structure considered by the term
roughness." It was found that, in general,
microrelief reduces the y-ray intensity
from fallout products., The radioactive

isotopes gradually penetrate the soil. When
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b} Relative dose versus terrain altitude. (From Ref. 25.)

500.' rad/ hr

uniform contamination of the soil reaches
100 rad/ hr

a depth exceeding several mean-free paths
for the ¥ quanta, the effect of microrelief

practically disappears.

A cloud can also interact with moun-
tains, and prediction schemes have yet
to take this into account. An example
of this is shown in Fig. 15, where the
Teapot shot fallout debris was shaded
by a nearby ridge. The effect of the
mountain on the prevailing winds most
probably played a part in shaping the
pattern, too.

The above concerns deal with deter-
minating the interaction of the earth with
a nuclear weépon detonation. As an aside, 01400 4200 &
the USSR stresses consideration of the D:Y?Zd]s:__‘ O
ability of troops on the battlefield to use

the terrain in reducing the radiation Fig. 15. Fallout pattern for Teapot shot

hazard to them.31 at H+1 hr.
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MAGIC NUMBER

A critical parameter used in predicting
nuclear fallout is the estimation of the
dose rate caused by spreading the fission
products of 1 kt of material over a 1-sq mi
area on an infinite plain at 1 hr after
detonation, This was originally estimated
to be 1200 R hr kt/sq mi and came to be
known as the "magic number." This was
later revised to 3850 in the 1962 edition
of The Effects of Nuclear Weapons., Both
of these numbers were challenged by
RAND32 when they analyzed the Buster
Jangle surface shot of November 1951,

The actual number is affected strongly
by fractionation, which is the tendency of
certain isotopes to condense or solidify
early into larger particles that fall to
earth sooner than other isotopes. This,
then, affects the percentage of radio-
activity down on the ground at any given
time. RAND made a case for using the
magic number 900, The controversy,

incidently, is still not over.
RAINOUT

Very little has been written about rain-
out since Glasstone first cautioned the
scientific community about it,6 but recent

33.34 | dicates the extent of its

literature
possible consequences, Prior statements
about the conduct of nuclear warfare
assumed that "friendly forces" would
detonate their weapons as air bursts, thus
avoiding fallout. However, rainout pos-
sibilities were neglected, and the studies
in Refs, 34 and 35 have shown that rain-
out could have lethal results beyond 100 km
from ground zero. The results of these

investigations are depicted in Fig. 16.
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Fig. 16, Vertical integral (infinite
whole~-body exposure) due to
gross v radiation as a function
of distance from ground zero,
The upper curve for each yield
represents the case of slow
horizontal diffusion; the lower
curve represents the case of
fast diffusion. (From Ref, 33.)

Figure 16 indicates the vertical integral,
which is the amount of radiation debris
that could be scavenged if rainout were to
occur down through the entire cloud.
However, Table 1 (from Ref, 34) shows
that, as the yield goes up, the dose
experienced on the ground could decrease.
This is so because debris from larger-
yield devices is projected above the usual
level of rainclouds. Thus, only a fraction
of the radioactive particles can then be
scavenged, This can be readily seen in
Fig. 17,

Some studies are now in progress to

determine the feasibility of rendering the
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Fig, 17.

debris particles nonwettable, thereby
considerably diminishing the rainout co-

efficient.
CLOUD PARAMETERS

The most important data necessary for

making predictions of fallout are weapon

Table 1. Potential surface exposure and
downstream exposure rates,
External v
Infinite exposure
whole-body rate at
Fraction Distance external v time of
Yield deposited downwind dose arrival
(kt) (%) (km) (rem) (R /hr)
1 100 10 25,000 25,000
100 400-1200 35-100
10 10 10 5000 7000
100 1000-1500 150-200
100 1 10 800 1200
100 300-350 45-55

yields., For "friendly" detonations, we
assume that this information is available
at "friendly' headquarters. For "enemy"
bursts, we assume that yield information
can be derived from nuclear cloud param-
eters. It is worth examining here the
variability in results that may be obtained
from cloud measurements.

One question that arises immediately
is, how much tolerance is there in the
translation of cloud parameters to yield?
Secondly, how well can and will these

parameters be measured in the field?

Tolerance

The basic relationships among cloud
maximum and minimum heights determined
by DELFIC, the U.S. Army method, and
observation are shown in Fig. 18 (see also
Ref. 35). All other codes use relationships
that are between the DELFIC and Army
levels. The curves change slope at about
the 10-kt level because of the interaction
of the cloud with the tropopause, which
acts to suppress the debris. The level of
the tropopause is very dependent upon
the latitude and time of year as well
as on the grbss meteorological conditions
at the time.

Figure 18 shows the wide dispersions
in results that can be obtained from cloud
measurements., For example, if the cloud
base height were 15,000 ft, the yield
could range from 1.5 kt to 100 kt. The
Army would consider the yield to be 5 kt,
and DELFIC would interpret it to be 40 kt,
For a cloud top height of 25,000 ft, the
range could be from 5 kt to 40 kt, with the
Army's resultant yield calculated to be
5 kt and DELFIC choosing 20 kt. Other

altitudes give similar discrepancies.

-14-
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Fig. 18. Relationships among a) cloud top and b) cloud bottom heights for various yields,
determined by three methods. Dotted lines: DELFIC (from DNA 3008F);
solid lines: U.S. Army plot (from TM 3-210); dashed lines: observed (from
UCRL-51179).

Measurement graphs, most were accomplished with

36

While many of the cloud measurements theodolites. Photography could not be

at nuclear tests were made with photo- used in a battlefield operation, which
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requires rapid responses, and there is
some question as to whether theodolites
can be set up and used spontaneously as
required in a battle.

Some investigations have been carried
out to determine whether lasers would be

36-38 There is also

helpful in this area.
some question about the ability to operate
such a device in the field, There has been
some consideration of using Lidar in
satellites,39 but we do not know the status
of that proposal.

An airborne radar system has been
developed to detect and delineate nuclear
clouds so that aircraft could be directed
into the proper position to launch ballistic
sampling rockets into the clouds of
The LAPO-1 system

was designed to satisfy the test diagnostics

nuclear tests. 40

requirements of the National Readiness
Program's Cleansweep project. There is
an inherent need for a continuous ready=
alert when aircraft are used, since the

measurements of interest come from

clouds that have stabilized 10 min after
detonation.

The crude forearm-and-thumb method
of congruent triangle estimation by field
soldiers may remain the only way that
these cloud measurements can be taken.
An indirect commentary on visual
observation by the World Meteorological

Organization is very apropos here:

The ability to estimate cloud-base
heights satisfactorily can be acquired
only by long experience and ob-
servers should take every oppor-
tunity of checking their estimates by
comparison with instrumental meas-
urements., Cloud-base heights are
sometimes indicated by the fact that
the tops of hills of known heights are
obscured by cloud. Evidence of this
sort, however, is not usually reliable
at distances from the observer
greater than about five kilometers.
There is a special need for a high
degree of skill and experience in
making acceptable observations in
flat areas, Little reliance can be
placed on night visual observations ...
The height of clouds above three
kilometers cannot be estimated
satisfactorily.41

Consequences

Although study during Project Oregon
Trail indicated potential applications of

fallout in combat situations,42

there is
currently no known consideration for
purposefully producing fallout from any
This trend
of thought is expected to continue. This

does not deny, however, the possibility of

"friendly' nuclear detonation,

error, But of more concern than that is
the possibility of an enemy burst that we
are not prepared to cope with,

A Disconcerting collateral damage effects
in the civilian hazard areas may accrue

from the use of tactical nuclear Weapons,43
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which causes doubts of military effective-
ness. Shortcomings of some nuclear
weapons .may make advance planning
operationally impractical and politically
questionable. These concerns derive
not only from the initial, local effects
of nuclear weapons on a populated battle-
field, hut also from more widespread
effects caused by fallout and rainout.

The military planners in the days of
Oregon Trail placed implicit trust in
the fallout-prediction techniques., Trust
in these prediction codes was a neces-

sary part of the recommendations that




Uncertainties in using

were made then,
the prediction schemes weigh heavily on
military commanders, however; hence
the doctrinal statement repeated at the
in which the

current field manual cautions against

beginning of this report,8

committing troops to action based upon
prediction results,

One way to look at the consequences of
incorrectly predicting fallout on a battle-
field would be to examine the delay in
maneuvering through the area of interest.
A nominal rate of a daytime cross-country

march is 13 mph,44 and night marches are
The Nuclear Radiation

Degree-of-Risk Exposure Criteria45

normally at 1 mph,
for
The

idealized fallout patterns as given by the

troop safety are given in Table 2,

Defense Nuclear Agency (Ref. 3) can be
used as a guide to determine the delay
required before a commander commits his
troops to an area. A number of examples
are illustrated in Figs, 19, 20, and 21
(see the Appendix for calculations used

to produce the delays shown), which depict
fallout zones within the 10 rad/hr isodose
contours and are arranged in three
categories of risk (for combat troops with
<75 rad previous exposure): negligible,
moderate, and emergency. For march
rates of 2 mph and 1 mph, the amount

of time delay before an area could be
entered (to hold radiation doses below the
ranges given) is stated for various dis-
tances from ground zero.

It can easily be seen that a mistake in
judgment of yield can produce substantially
different delays. For example, if combat
units desired to cross a contaminated
area 10 mi from ground zero at 2 mph
and they understood it to be affected by
a 100-kt burst, they would wait 4

-17-

Table 2, Nuclear radiation degree-of-
risk exposure criteria,
Total past
Radiation cumulative Exposure criteria for
statusb, ¢ dose, radd a single operation®
Negligible Risk:
< 5 rad
RS-1 <175 Moderate Risk: -
Units >5 rad. <20 rad
Emergency Risk:
>20 rad, <50 rad
All further exposure con-
sidered Moderate or
Emergency Risk.
RS-2 75-150 Moderate Risk:
Units < 5 rad
Emergency Risk: -
>5 rad, <20 rad
RS-3 >150 All further exposure con-
Units (Threshold for sidered Emergency Risk.
onset of combat
ineffectiveness)
83ee Ref. 3.

b . . :
Radiation status categories are based on previous expo-
sure to radiation,

CReclassification of units from one radiation status
category to a less serious one is done by the commander
upon advice of the surgeon after ample observation of
actual state of health of the exposed personnel has been made.

dAll exposures to radiation are considered to be total
body and simply additive. No allowance is made for body
recovery from radiation injury.

®The operation exposure guide established by the com-
mander can be any number in the risk range appropriate to
the unit's mission and radiation status and includes expo-
sure to all predictable initial and residual radiation,

fRisk levels are graduated within each status category in
order to provide more stringent criteria as the total
radiation dose accumulated becomes more serious.

days until the radioactivity decayed to
such a level that the total dose received
would be negligible (£5 rad), If it was
determined that an emergency risk were
warranted, they would still have to wait
for a day before entry. But if the yield
were actually 10 kt, only 3 hr delay would
be necessary to assume a negligible risk
and none if a moderate risk were acceptable,
Conversely, if the yield were actually
100 kt and judged to be 10 kt, the troops
committed tothe area after 3 hr would proba-
blybe fatalities. The variations indebris-
cloud top and bottom heights shown in Fig.
18 are of such wide latitude that an order-

of-magnitude mistake in yield could occur.
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Recommendations

Until such time that real-time radia- must be used. Each prediction scheme
tion data can be made available to the depends upon yield information, which is
field commander, prediction information derived from debris-cloud characteristics
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Fig. 22. Bands of yields possible (range extends from minimum to maximum) for given

heights of a) cloud tops and b) cloud bases.
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if the burst were from an enemy weapon,
So far, every organizatibn originating a
new prediction scheme has chosen its
own ""best-fit'' curve to match the cloud
data.
EMP (electromagnetic pulse) and optical
signatures have been described as single-

Even yields derived from weapon

value functions, disregarding the order-
of-magnitude variation in these effects.
Instead of depending upon a character-
‘istic-determined by any disputed line
drawn through the region of data points,
perhaps commanders should be presented
with upper and lower limits to risks. An
example of how to do this would be to
define a "band" of yields possible for given
measurements, as shown in Fig. 22,
Rather than use data with a low confidence
level, headquarters personnel could
operate on a set of limits describing bounds
to the radiation hazards that may exist.
For example, if cloud estimates were
given as 20,000 ft for the top height and
12,000 ft for the base, the range of possible
yields producing such a result could be
3 kt to 30 kt (resolving top and base data
ranges). If an "idealized" fallout pattern
were assumed, troops were 10 mi from
ground zero, a moderate risk were war-
ranted, and movement could proceed at
1 mph through the fallout zone, then a
wait period of less than 1 hr at a minimum

and no more than approximately 10 hr at
With this

knowledge the commander could consider

a maximum would be required.

the possible maneuvers until hard data
arrived. '

If he wanted to play safe and a 10-hr
interruption were acceptable in the area
of interest, the commander could ban
entry to it for that length of time, Other-
wise, he could determine whether to
revise the risk factor upward. Knowing
that the delay could possibly be only 1 hr,
he could reasonably sit tight and wait for
data that could be used to better establish
the actual yield by inductive methods.

To continue the scenario, suppose the
data coming in indicate that a 20-kt -
weapon is producing fallout. To prevent
radiation dose levels from exceeding
20 rad, the area cannot be traversed until
after a delay of 6 hr (see Fig. A-7 in
Appendix A, £ = 10 m). However, if the
troop units could reach a point 15 mi from
ground zero, they would experience a low
level of radiation without any further delay
in crossing the area.

The ability of the field commander
to answer the many "what if?'" questions
rapidly and comprehensively is a meas-
ure of how the modern army can respond
to nuclear threats on the tactical battle-
field.

Summary

The transfer of predictive schemes
from forecasting radiation fallout patterns
under stabilized test conditions in isolated
areas to use under battlefield conditions
has numerous drawbacks. Foremost of

the difficulties is the determination of

-22-

yield from an unknown nuclear weapon, The
problem includes measuring the effects as
well as using these effects as anaccurate
gauge of yield. Furthermore, the radioactive
debris is influenced by many factorsthathave

resisted satisfactory modeling (Table 3).




Table 3. Problems that have not been modeled satisfactorily,
Influence Problem Solution deterrent
Wind field 1, Assumption of uniform la, Requires exhaustive data base
direction in any stratum
1b, Overly complex computer program-
© * ming
2, Data accuracy la. Human factors
2b. Instrumentation
Wind 1. Data updating la. Manpower limitations
variability 1b. Communications jam
Terrain 1. Topography description Cataloging limitations
2. Shielding factors Local peculiarities
3. Microrelief 3. Resolution of data
Dispersion 1. Fractionation Incomplete theory
2. Fission/yield ratio 2. Undefined weapons
Rainout 1. Microclimate forecasting 1. Mother Nature
Cloud size 1. Measurement la, Instrumentation
1b. Short "time-window' for data

2. Yield calculation

2. Wide interpretation tolerances

There have been attempts to build
very detailed computer programs for
prediction. These have resulted in
inordinately long machine-run times,
even on the largest computers available.
The trend has since been to simplify
prediction programs for the sake of
making them more useful.

Many caveats exist in the literature and
field manuals for the prediction user not
to get too confident about the results he
obtains, Official military doctrine
cautions commanders not to order
maneuvers solely on the basis of pre-
diction results, First-hand observations
of aberrant test results may have led
these sober warnings.

This review of prediction techniques,

together with their complexities and

~-923~

complications, should emphasize the need
for a battlefield radiation assessment and
1t should be clear

that there can be no substitute for hard

simulation system.

facts about the situation in a tactical
nuclear conflict. Some radiation assess-
ment methods do exist, but only in
elemental form, using manual techniques,
An evaluation of how assessment cap-
abilities should be upgraded is the subject
of further study.

The Weapons Effects Display System
was a start toward automation of radiation-
data processing for field use. It was used
for prediction schemes and coupled the
The next

step— computerization of radiation-data

results to display hardware,

collection, reduction, and display—remains
to be taken.
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Appendix

For this study, the range of nuclear-weapon yields considered probable to be
encountered in a tactical nuclear battle was 10 to 100 kt, Within this range, a set of
equations relating dose rates to distance can be derived from the idealized fallout
models given by DNA.7 These are shown graphically in Figs, A-1 and A-2 and are
of the form

-CW -ds

Dose rate = Ke = Ke s

where:

K, c, and d

w = maximum width of isodose line,

constants dependent on weapon yield,

f = maximum length of isodose line.

The dose rate decays at a fairly consistent rate, as indicated in Fig. A-3, The
t"l 2 decay curve fits experimental data very well, Since the H+l-hr characteristic
radiation pattern is decaying, a person walking through such an area would experience
unsymmetrical dose levels, as indicated by Fig. A-4. The 10-R /hr isodose line
serves to mark the entry and exit from an intense radiation area. Total-dose calcula-

tions are of the form

ty ty
Total dose =/ DR =[ -—-I%- e"cw(t) dt,
1,
tl tl t

where:
DR = dose rate

t = time.

This may be solved by integration by parts:

t
] 2 K Bty KeP' 12ke®' 2212KePt
t g2 ,YtI.Z ~t ,YtI.Z YUt YtI.Z
where:
Bt=c |z, +m(t - tl)[,
Y = cm,

m = rate of march.
However, this is a cumbersome calculation to make and can be done easier by
summation of small increments that can be performed on digital processors more
readily. The above then becomes

ty

Total dose = ?
ot

Y

-9 ol
K . 2¢| x(t)] At
R
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The form factor of the pattern must also be taken into account,

For convenience,

the idealized patterns are assumed to be ellipses, as depicted in Fig. A-5. The

equation describing an ellipse at the origin is

2 2
-2 X ..
—Z '};2'

a

Since, from Fig. A-1 and the decay curve,

where d is a constant dependent on yield, and

substituting
2ao =4
Xx =b,
o
then
_ -1 DR [1.2
3, “zgln g t iDRzlo rad
and
1 DR 1.2

X, = "o lng t ’DR=10 rad °

Solving for x:

(- a)? %2

2 2 W-ag %,

X' =Xy .
aO

A few of the typical results from calculations and plots run on an office

calculator-plotter are shown in Figs. A-6 through A-8.
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